T HE CHEMICAL structure of pyrazole-1-carbothioamide derivative 1 was modified through building a thiazole moiety to synthesize derivatives of thiazolyl pyrazolin-5-one. The reaction of 1 with phenacyl bromide furnished the conforming thiazolyl pyrazole derivative 2, which upon base-catalyzed reaction with benzyl isothiocyanate afforded thiazolyl 4-(benzylthiocarbamoyl)-2-pyrazolin-5-one derivative 3. The diazo-coupling reaction of 2 with diazotized 4-aminoacetophenone afforded the conforming thiazolyl 4-(p-acetylphenylhydrazono)-2-pyrazolin-5-one derivative 4. The synthesized thiazolyl pyrazolin-5-one derivatives were utilized as antioxidant additives for lubricating oil. The oxidation stability study revealed that the tested compounds showed good antioxidant activities. The efficiency of the tested antioxidant additives decreases according to the order: compound 2 > compound 4 > compound 3 > compound 1.
Introduction
Lubricating oil is very important to provide a fluid layer separating moving surfaces and to remove heat and wear particles while keeping friction at minimum. In the internal combustion engines, Lubricants suffer from oxidation due to contact with oxygen (air) at high temperatures for long periods and are associated with metals (iron, copper, lead, etc.), used in engine manufacturing. These metals behave as catalysts for oxidation of lubricating oil and are responsible for the formation of oxygenated oil-soluble and insoluble products. For these reasons, much researches have been devoted to the development of lubricants. Previous studies have been reported that the most essential additives used with lubricating oils are pyrazole [1] [2] [3] [4] [5] [6] and thiazole derivatives [7] [8] [9] [10] . In our research, we report on the construction of three thiazolyl pyrazole compounds, their structures elucidation by spectroscopic tools (IR, 1 H NMR and MS) and evaluation of their efficiencies as antioxidants for the Egyptian lubricating oil.
Experimental
All melting points were determined on an electrothermal Gallenkamp apparatus (Germany).
The IR spectra were measured on a Mattson 5000 FTIR Spectrometer (USA) in potassium bromide discs.
1 H NMR spectra were recorded in DMSO-d 6 on a Bruker WP spectrometer (USA) (300 MHz) and the chemical shifts δ downfield from TMS as an internal standard. Elemental analyses were carried out by the Micro-analytical unit of Faculty of Science, Cairo University, Giza, Egypt.
3-Methyl-1-thiocarbamoyl-2-pyrazolin-5-one (1) has been prepared by the reaction of ethyl acetoacetate with thiosemicarbazide according to the previously reported methodology [11] .
3-Methyl-1-(4-phenyl-thiazol-2-yl)-2-pyrazolin-5-one (2) has been prepared by the reaction of 2-pyrazolin-5-one compound 1 with phenacyl bromide in refluxing ethanol containing drops of triethylamine [12] .
4-(Benzylthiocarbamoyl)-3-methyl-1-(4-phenylthiazol-2-yl)-2-pyrazolin-5-one (3). Benzyl isothiocyanate (0.01 mol, 1.3 ml) was added into a stirred mixture of thiazolyl pyrazolone 2 (0.01 mol, 2.57 g) and potassium hydroxide (0.01 mol, 0.56 g) in 15 ml DMF. The reaction mixture was stirred for 8 hours, poured into ice-cooled water and then neutralized with dilute HCl to form precipitate. 
Results and Discussion
Synthesis of thiazolyl-pyrazolone compounds 2, 3 and 4. The targeted thiazolyl pyrazole compounds were constructed according to the synthetic strategies that depicted in Scheme (1). Pyrazole-1-carbothioamide derivative 1 [11] was utilized as a building block for the construction of three thiazolylpyrazolone derivatives 2, 3 and 4. The reaction of 1 with phenacyl bromide to give 3-methyl-1-(4-phenyl-thiazol-2-yl)-2-pyrazolin-5-one (2) has been achieved by heating in ethyl alcohol containing three drops of triethylamine [12] .
The base-catalyzed reaction of thiazolylpyrazolone derivative 2 with benzyl isothiocyanate in dry DMF in the presence of KOH followed by treatment with dilute hydrochloric acid furnished the conforming thiocarbamoyl derivative 3. The suggested chemical structure of 3 has been assigned based on the convenient spectral data. The infrared spectrum showed absorptions at 3419 and 1645 cm -1 for the (NH) and (C=O) groups, respectively. Its 1 H NMR spectrum displayed singlet signal at 2.80 ppm for three protons (CH 3 ), doublet at 4.95 ppm for two protons (CH 2 ), multiplet in the region 7.27-7.49 ppm due to eight aromatic protons, singlet at 7.83 ppm indicating the proton of thiazole-C 5 , doublet for two aromatic protons at 8.02 ppm and triplet at 10.87 ppm due to the proton of imino group (NH). Thiazolyl-pyrazolones as antioxidant additives. The synthesized thiazolyl pyrazolin-5-one compounds 1, 2, 3 and 4 were evaluated as antioxidants for lubricating oil. The effectiveness of the synthesized compounds as antioxidants were verified according to the previously reported method [13] .
Samples were withdrawn at regular intervals (each three hours), and examined for their oxidation stability, which expressed in terms of the total acid number (TAN) and then compared them with the lubricating oil sample without additives.
The empirical data (Table 1 ) graphically presented in Figure 1 provides an overview of the efficacy of antioxidant additives in controlling oxidation reactions compared to oil without antioxidant additives. In the absence of additives, oxidation products have increased over time. When the prepared compounds (1, 2, 3 and 4) were added to the used oils, the oxidation products also increased over time but at a much lower rate than those without additives. Table ( 2) and Figure ( 2) illustrates that, lubricating oil containing these compounds (1, 2, 3 and/or 4) showed better stability for oxidation than commercial lubricant oil tested.
The highest antioxidant activity of the tested compounds 1, 2, 3 and 4 could be attributed to the extensive conjugation, which share in the stabilization of the free radical. Furthermore, it has reasonable speculation that the introduction of amino and thiol groups in compounds 1 and 3, would lead to stability of the formed radicals. 
